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Impact of Interferences on Bandwidth Reservation 
for Ad Hoc Networks: a First Theoretical Study 
K. Bertet, C. Chaudet, I. GuQin Lassous, L. Viennot 
Abstract- This paper presents a theoretical study on the 
bandwidth reservation problem for ad hoc networks. The 
proposed model is based on the spatial reuse and the ex- 
istence of interferences. We show that in that case, the 
bandwidth reservation problem is NP-complete and we pro- 
vide some bounds that compare solutions of the problems 
derived with greedy heuristics with an optimal one. We con- 
clude with a discussion on the practical aspect of this model 
and its potential use in a practical protocol. 
Keywords- Ad hoc networks, bandwidth reservation, in- 
terferences. 
I. INTRODUCTION 
This paper deals with a theoretical study on bandwidth 
reservation problems for mobile ad hoc networks. The ad 
hoc networks are more and more studied and with the ex- 
istence of commercial products of wireless network cards, 
such networks are built in places where wiring is expensive 
or impossible or when mobility is needed. 
The IETF working group MANET concentrates essen- 
tially on the routing protocols. Many multicast protocols 
have also been proposed in the literature. On the other 
hand, few works have been carried out on the QoS aspects 
of these networks. This loss of studies on this subject may 
be explained by the fact that the range of applications of- 
fered by the ad hoc networks is not yet well determined, 
but also by the fact that these networks are seen like net- 
works of small size. In these conditions, the QoS issues 
do not clearly appear. But the potentiel usage of ad hoc 
networks in everyday life, their possible or future mix with 
other large scale networks like Internet or third-generation 
mobile networks and their capacity to offer high rate could 
lead to a need of quality of service for such networks. 
The QoS issues in ad hoc networks are challenging tasks 
due to the dynamic aspects of these networks and their 
bandwidth constraints ([l]). In the literature, the works 
concern QoS models (like FQMM presented in [a]), QoS 
resource reservation signaling (like INSIGNIA proposed in 
[3], QoS MAC (like MACA/PR in [4]) and QoS routing 
(see [5], [6] and [7] for three different protocols). Each 
of these works tries to deal with difficulties inherent to 
wireless networks like restricted bandwidth, mobility, or 
broadcast characteristic of radio transmission. But almost 
none of them studies the impact of interferences on the 
quality of their protocol. Indeed, in most of the proposed 
protocols on the subject, each node of the ad hoc networks 
only acts (i.e. decides to accept or reject or postpone trafic) 
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according its local trafic (i.e. the trafic present in the node) 
without considering the existing trafic in its “neighborood” 
(i.e. the nodes that interfere with it). However, we think 
that this “neighbor” trafic can have a strong influence on 
the behaviour on each node of the network. 
For these reasons, we tried to understand the impact of 
interferences (ratio signal over noise) on the QoS aspects: 
how to modelize the existence of interferences for the QoS 
issues, what is the complexity of such a QoS model tak- 
ing interferences into account, is it practically possible to 
deal with interferences in QoS protocols to obtain better 
efficiencies? To begin, we decided to concentrate on the 
bandwidth reservation problem. The bandwidth reserva- 
tion can prevent from congestion in the network, conges- 
tion that can easily appears in such ad hoc networks. This 
problem appeared to us to have a direct application what- 
ever the underline use of the ad hoc network. The band- 
witdh reservation problem consists either in maximizing 
the number of transmitting requests or in optimizing the 
bandwidth, with respect for the available bandwidth and 
the spatial reuse without interference. 
This paper presents a bandwidth reservation model that 
takes into account the existence of interferences. It is based 
on the spatial reuse in radio networks. We study the com- 
plexity of this model and show that even for simple in- 
stances of this model the bandwidth reservation problem 
is NP-complete. As it is an ongoing research, we finish this 
paper with remarks and questions on the practical use of 
the proposed model: how this model can be integrated in 
an actual protocol. 
II. A SIMPLE MODEL OF THE SPATIAL REUSE 
This section presents a simple model of the spatial reuse 
in radio networks. For a detailed study on the spatial reuse 
topic for wireless LANs, see [8]. 
The spatial reuse is the possibility to have two simulta- 
neous communications without interference if they are far 
enough from each other. We study here the most simple 
physical propagation model where a receiver put at a dis- 
tance r from a radio source with a transmitted power P 
receives a signal with a power P/I-~. In open space Q = 2, 
whereas in urban space the GSM propagation models as- 
sume3<a<4[9]. 
Assume that the communications scope is bounded by 
R (some hundred meters in open space or some dozen me- 
ters indoor for wireless LANs). We impose the following 
local constraint: a node must not transmit if another node 
within a distance less than D is transmitting. We axe going 
to evaluate the lowest D that ensures that no communica- 
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tion is jammed under this condition. 
0 Receiver 
l Jammer 
. . 
Practical case 
Fig. 1. Two situations where the transmitters are within a distance D 
from each other, with L the distance of the jammer the furthest in 
the network. On the left, “a worst case”, on the right “a practical 
situation”. 
In this paper, we only give a rough estimate of $$ to 
simply justify the model. We consider what seems to us a 
worst case: the communication is realized in the center of 
a trianglular mesh of step D of transmitters, as illustrated 
in Figure 1. All the nodes are supposed to transmit with 
the same power. To ensure that a communication is not 
jammed, the ratio signal over noise has to be higher than a 
constant Q (classicaly equal to 10). A sufficient condition 
is then: 
P 
- > QB where B = 
R” - 
b tanZitter distqb)” 
Let H, denotes the hexagon with transmitters at distance 
nD from the source transmitter (there are 6n such trans- 
mitters and their distance is included between no&?/2 
and no). If we note L the distance from the transmitter 
to the furthest node in the network and in grouping the 
transmitters by concentric hexagons, we have: 
where c(s) = C,“=, 5 is the famous Riemann zeta func- 
tion. Therefore the communication is not jammed for: 
g 2 5 (6Q<(a -1))"" 
Figure 2(a) gives an idea of the value of this function 
(which diverges for Q = 2). For Q = 3, a ratio D/R greater 
than 5.34 is sufficient, or greater than 3.37 for Q = 4. 
For Q = 2, it is easy to deduce the following condition : 
Figure 2(b) gives the values of D for which the inegality is 
true. 
From this model, we can deduce the following band- 
width reservation scheme: 
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(a) A ratio D/R assuring a lack of interferences according 
to the attenuation coefficient of power a: with Q = 10. 
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(b) A distance D assuring a lack of interferences according 
to the radius L of the network with a: = 2, R = 1 and 
Q = 10. 
Fig. 2. D/R according a: and D according L for a: = 2. 
1. For each node u, its interference area s, is defined as 
being the set of nodes at distance at most D from U. 
2. Each node u is allowed to reserve a bandwidth c(u) if for 
all nodes w in the network, the sum of the reservations of 
bandwidth of the nodes of s, does not exceed the available 
bandwidth of s, b(s,). (VW nodes xiEs, c(i) I b(s,)) 
Due to spatial reuse, the available bandwidth can be 
different from one interference area to one other. Note also 
than two different nodes can have the same interference 
area. 
If a route (longer than one hop) is established between 
two nodes u and v in the network, then the request c(u) of 
node u has to be accepted on the whole route between u 
and v, i.e. accepted on all the nodes of the route. 
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III. THEORETICAL COMPLEXITY OF THE PROPOSED 
BANDWIDTH RESERVATION SCHEME 
In this section, we theoretically analyse the bandwidth 
reservation model proposed in Section II. In fact, it is 
easy to see that this scheme is a sample of the famous O- 
1 multidimensional knapsack. This problem, NP-complete, 
can be expressed as follows (see [lo], [ll], [la], [13] for some 
heuristics): 
to maximize 5 CiXi 
i=l i=l 
where V’i E [l, n] and YJ’ E [l,m] xi E (0, l}, and bj,ci et 
aji are positive integers. 
In the framework of our bandwidth reservation scheme: 
n is the number of nodes in the network and m the number 
of interference areas (as mentionned previously two nodes 
can have the same interference area); Yj E [l, m], bj 5 B 
where bj is the available bandwidth in area sj and B is 
the maximum bandwidth of the network; aji = c(i) if node 
i E sj, aji = 0 otherwise; xi = 1 if the request c(i) of 
node i is accepted, xi = 0 otherwise. If the aim is to use 
the maximum of bandwidth, then V’i E [l,n],ci = c(i). If 
the aim is to satisfy the maximal number of requests then 
Vi E [l,n],ci = 1. 
Our bandwidth reservation problem is a simplified sam- 
ple of the O-l multidimensional knapsack. The radio net- 
works context can simplify the problem. For instance, we 
can consider that each node of the network belongs to a re- 
stricted number of interference areas or that each interfer- 
ence area contains a restricted number of nodes. Moreover, 
unlike the general problem of O-l multidimensional knap- 
sack where it is assumed that m is small (of the order of 
ten) and n is large (more than one hundred), in our prob- 
lem, n and m are of the same order and can be equal to 
one hundred. These remarks justify to study the complex- 
ity of the bandwidth reservation problem and its simplified 
versions (do they remain NP-complete or not?). 
In [14], we show that even the simple instance where each 
node belongs to a restricted number of interference areas, 
each interference area has a restricted number of nodes, 
each node has a unit request (of 1 Mbits/s if 1 Mbits/s is 
the unit) and each interference area has an available band- 
width of 1 Mbits/s, remains NP-complete. See [14], for 
a detailed description of the proof based on the reduction 
of the maximum independent set problem. Therefore our 
bandwidth reservation model is NP-complete. 
Many heuristics for the O-l multidimensional knapsack 
problem have been proposed, but the required times to 
obtain an approximate solution are too long to be used 
in the bandwidth reservation protocols for mobile ad hoc 
networks. We think that greedy solutions are probably 
the most adequate solutions for such networks. We can 
provide several approximation results for greedy heuristics. 
We omit the proofs of these results in this paper, but some 
can be found in [14], others can be easily deduced. 
We note A* an optimal solution of the bandwidth reser- 
vation scheme and A a greedy solution. [A*[ ([AI resp.) is 
the size of the optimal solution (the greedy solution resp.). 
We assume that the node i belongs to deg(i) interference 
areas. We have the following results: 
1. If the requests are handled by decreasing values, then 
C&4* c(i) 5 2CiEA c(i)deg(i). If moreover, each node 
belongs to at most a interference areas, we can deduce 
that [A*[ 5 2alAl. 
2. If all the requests have a unit cost, then CiEA* c(i) 5 
CiEA c(i)deg(i). If moreover, each node belongs to at most 
a interference areas, we can deduce that [A*[ 5 AlAl. 
3. Whatever the greedy solution we may choose, if each 
node belongs to at most a interference areas and that each 
interference area contains at most a nodes, then [A*[ 5 
a(a - 1)IAl. (Note that this case represents the networks 
with symmetrical links and thus if a node u belongs to an 
interference area s, then node w belongs to the interference 
area s,.) 
ILEA* c(i) represents the maximum use of the band- 
width, whereas CiEA c(i) represents the use of the band- 
width with a greedy heuristic. Intuitively, we see that if the 
network is dense, the nodes belong to many interference ar- 
eas and that may affect the quality of the greedy solutions 
compared to the optimal one (the obtained solution may 
be at a factor 28 from optimality with a heuristic on the 
order of the requests). On the other hand, if the network 
is sparse, the greedy solutions may be close to the optimal 
solution and thus provide efficient results. Note also that 
we obtain a better upper bound with the heuristic on the 
order of the requests (point 1.) than in the general case 
(point 3.). 
IV. REMARKS AND QUESTIONS: HOW TO EXTEND THE 
PROPOSED MODEL TO AD HOC PROTOCOLS 
We have proposed so far a theoretical bandwidth reser- 
vation scheme based on the existence of interferences. We 
showed that this scheme is NP-complete. We also de- 
duced some upper bounds comparing the optimal solution 
to the bandwidth reservation problem and simple greedy 
solutions. These upper bounds show that for some archi- 
tectures of ad hoc networks, the greedy solutions may be 
close to the optimal one. These results are only of theo- 
retical interest and we are working on the practical use of 
this model. We have now to face with several questions in 
a practical setting: 
1. How can each node u determine its interference area, 
i.e. the nodes that interfere with it? 
2. For each node u of the network, is it possible to know 
the bandwith reservation of each node belonging to its in- 
terference area s, without a too large overhead? 
3. Is it possible to distribute this model (that requires a 
whole knowledge of the network) over the nodes (that will 
have a local knowledge), knowing that the choice of a node 
can be influenced by the choice of any other node of the 
network? 
At present, we think that the knowledge of the interfer- 
ence area for each node might be too much to implement 
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in a protocol. In a first step, we only consider restricted 
interference areas. For each node, each interference area 
contains the one-hop neighbors or two-hop neigbors. We 
want to check if this knowledge enhances the quality of 
the bandwidth reservation or not (is there less congestion?; 
Have the accepted packets a better rate than in the best 
effort way?; Are there many rejected or postponed pack- 
ets?). We have two goals in mind: to add this notion of 
interference areas to reactive protocols to compute routes 
with good properties (sufficient bandwidth available) and 
to use the hello packets and the construction of the routing 
table to carry the necessary information on the interference 
areas in the proactive protocols. We are currently elabo- 
rating these ideas in QoS resource reservation signaling. 
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